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High Sex Chromosome Aneuploidy and Diploidy Rate
of Epididymal Spermatozoa in Obstructive Azoospermic Men
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Purpose: To evaluate the frequencies of sex chromosome aneuploidy and diploidy rate of
epididymal spermatozoa from obstructive azoospermic men and its impact on intracytoplasmic
sperm injection (ICSI) outcomes.

Methods: Epididymal spermatozoa retrieved from 24 obstructive azoospermic men and ejac-
ulated spermatozoa from 24 fertile donors were analyzed using triple color fluorescence in situ
hybridization (FISH) techniques, in order to investigate the rates of diploidy and aneuploidy
for chromosomes 18, X and Y.

Results: Epididymal spermatozoa from obstructive azoospermic men had total sex aneu-
ploidy, disomy 18, and diploidy rates significantly higher than ejaculated spermatozoa from
normozoospermic fertile controls (1.44% vs. 0.14%, 0.11% vs. 0.02%, and 0.18% vs. 0.02%,
respectively; p < 0.005). There were no statistically significant differences in ICSI outcomes
between the patients who had high and low epididymal sperm aneuploidy rate.

Conclusions: Epididymal spermatozoa from obstructive azoospermic patients had an elevated
sex chromosome aneuploidy and diploidy rate. The increased frequency of chromosomal
abnormalities did not have a direct effect on the ICSI outcome.
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INTRODUCTION

Intracytoplasmic sperm injection (ICSI) has devel-
oped for the treatment of severe male factor infer-
tility. It allows the use of spermatozoa from men
with severely compromised semen parameters and
currently is used even in some cases of azoosper-
mia where spermatozoa can be retrieved from the
epididymis or testis. Although ICSI has demon-
strated its safety in many large programs world-
wide, its use for the treatment of male infertility has
some negative impacts on the genetic composition
of the human population for future generations (1),
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especially about the possible high risk of chromo-
somal aneuploidies from paternal origin in the chil-
dren (2). This concern has been confirmed by several
reports of a higher incidence of sex chromosomal ane-
uploidies of paternal origin in children conceived after
ICSI, compared to the general population (3-5).
Many reports have demonstrated that men with
various forms of infertility have an increased risk of
chromosomal abnormalities in their ejaculated sper-
matozoa (6-9) but very few studies have reported
the risk of chromosomal abnormalities in epididy-
mal spermatozoa from obstructive azoospermic men
(10,11). The fluorescence in situ hybridization (FISH)
technique provides arapid and reliable source of data,
allowing for testing of the most frequently involved
chromosomes in large numbers of cells in a short
time. In this study, the results of sperm chromosomal
analysis by three-color FISH analysis of epididymal
spermatozoa from 24 obstructive azoospermic men
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were reported and compared with the ejaculated sper-
matozoa from healthy fertile controls. The ICSI out-
come using epididymal spermatozoa in terms of fer-
tilization rate, implantation rate, and pregnancy rate
were also analyzed to investigate the potential ef-
fect of the chromosomal abnormalities on the ICSI
outcome.

METHODS

Obstructive Azoospermic Patients

Twenty-four obstructive azoospermic men were re-
cruited in this study. All of the patients were treated
by the ICSI using the epididymal spermatozoa re-
trieved by percutaneous epididymal sperm aspiration
(PESA). The mean age of the azoospermic men was
43.2 + 8.7 years, the mean age of the females was
31.6 £ 4.0 years. All men had normal testicular vol-
ume, normal serum FSH concentration. We also re-
cruited 24 healthy fertile men with normal semen
analysis according to the WHO reference (12) as a
control group.

Ovarian Stimulation

Briefly, ovarian stimulation was performed with
two protocols (down-regulation and flare-up) using
the GnRH agonist (GnRH-a) buserelin acetate in
combination with recombinant FSH (13). The ini-
tial dosage of recombinant FSH was individualized
based on day 3 FSH or the response from the previ-
ous stimulation. Changes in recombinant FSH dosage
were based on follicular development as reflected by
changes in follicular diameter and number assessed
by serial transvaginal sonography. Five thousand in-
ternational units of hCG (Profasi; Serono Laborato-
ries, Randolph, MA) was administered intramuscu-
larly when the patient had at least three follicles with
a diameter of 18 mm. Transvaginal follicular aspira-
tion was performed 36 h later.

Oocyte Preparation and Handling

The oocyte preparation and handling for complete
removal of the corona cells were carried out as de-
scribed previously (13). Oocytes were assessed for
nuclear maturity by examination for the first po-
lar body and the presence or absence of a germinal
vesicle.
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Percutaneous Sperm Aspiration (PESA)

PESA took place in the operating room using in-
travenous sedation anesthesia with Propofol and local
anesthesia with Bupivacaine injected at the skin and
underneath the epididymal caput. The epididymal ca-
put was identified and held firmly between thumb and
index finger. A small needle (26 gauge) was connected
to a 1-mL disposable syringe. The proximal part of the
epididymal caput was punctured. Suction was applied
to the syringe and the needle was withdrawn gradu-
ally to the point where segments of fluid from the
epididymis were seen entering the syringe. The aspi-
rate was then flushed out of the needle and syringe
into a sterile petri dish using HEPES-buffered Ham’s
F10 supplemented with 10% patient serum. This pro-
cedure can be performed as many times as necessary
until sufficient sperms are recovered for ICSI (14).
The remaining epididymal spermatozoa were divided
for cryopreservation and preparation for FISH.

Intracytoplasmic Sperm Injection (ICSI) Procedure

ICSI was performed as described previously (13).
Microinjection was preserved only for the mature
oocytes that extruded their first polar bodies.

Assessment of Fertilization and Pregnancy Outcome

About 16-18 h after the microinjection, the oocytes
were observed under the inverted microscope (x200
or x400 magnification) for any sign of damage that
may have been caused by microinjection and for
the presence of pronuclei and polar bodies. Fertiliza-
tion was considered normal when two clearly distinct
pronuclei containing nucleoli were present. After an
additional 24-30 h of in vitro culture, embryos were
examined under the microscope to assess their devel-
opmental stage and quality on the basis of their mor-
phological aspects. Depending on the day of embryo
transfer, embryo cleavage was judged 3, 4, and 5 days
after the ICSI procedure. A maximum of three cleav-
ing embryos were then transferred into the uterine
cavity. Supernumerary embryos were cryopreserved
for the next embryo transfers. The luteal phase was
supplemented with natural progesterone pessaries
(Cyclogest™ 400 mg, Hoechst, Hounslow, U.K.) given
daily as described previously (15).

Successful implantation was determined 14 days af-
ter embryo transfer by serum B-hCG. A clinical preg-
nancy was confirmed as the presence of at least one
gestational sac with a fetal heartbeat by transvaginal
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sonography performed 3 weeks later after detection
of B-hCG. Implantation rate was defined as the ra-
tio of the number of gestational sacs containing a fe-
tus with heart activity and the number of transferred
embryos. The clinical pregnancies reaching 20 weeks
of gestation were considered ongoing. Subsequent
ongoing pregnancy and delivery were also included.
This clinical study was approved by the local ethics
committee.

Sperm Preparation and Fixation

The sperm samples were washed three times in
phosphate-buffered saline (PBS; 0.15 mol/L. NaCl,
10 mmol/L sodium phosphate, pH 7.2), centrifuged at
280g for 10 min and the sediment was then dropped
onto precleaned glass slides and air dried. Atleast two
slides were prepared for each patient. The slides were
stored at —20°C until evaluation.

Fluorescence In Situ Hybridization (FISH)

Sperm Decondensation. The sperm decondensing
procedure was performed following a previously de-
scribed protocol (16), the air dried slides were incu-
bated at room temperature for 5 min in 0.01 M dithio-
threitol (DTT) in 0.1 M Tris, pH 8.0, and in 0.01 M
LIS (3,5-diioiosalicylic acid, lithium salt) and 0.001 M
DTT in 0.1 M Tiis, pH 8.0, for 10 min. Then slides
were rinsed in 2x SSC, pH 7.0, and allowed to air dry.

Chromosome Specific DNA Probes. Simultaneous
three-probe three-color FISH was performed using
probe sets for either chromosomes X, Y, and 18.
Three-probe FISH was used to differentiate disomy
from diploidy. Simultaneous scoring of three chromo-
somes also provided an internal control to differenti-
ate nullisomy from hybridization failure (no signals).

The DNA probes (Vysis Inc., Framingham, MA)
used in this study recognize the satellite III DNA of
the chromosomes Y (Yq12,locus DYZ1), alpha satel-
lite DNA of the centromeric region of human chromo-
somes X (Xpl11.1-q11.1, locus DXZ1), and chromo-
somes 18 (18p11.1-q11.1, locus D18Z1). The probes
detecting chromosome X, Y, and 18 were labeled with
fluorescent haptens CEP (chromosome enumeration
probe) SpectrumOrange, CEP SpectrumGreen, and
CEP SpectrumAqua, respectively.

In Situ Hybridization to Decondensed Sperm. The
slides were dehydrated through an ethanol series
(80, 95, and 100% ethanol) and air dried. The hy-
bridization solution was prepared by mixing 7 mL
of Spectrum CEP hybridization buffer, 1 mL of

X SpectrumOrange, 1 mL of Y SpectrumGreen, and
0.5 mL of 18 SpectrumAqua. The mixture was vor-
texed thoroughly, centrifuged for 1-3 s, and left at
room temperature for a short time. For the simulta-
neous denaturation of slides and probes, a 10 uL of
hybridization mixture containing 7 uLL of hybridiza-
tion solution and 2 uL of purified water was ap-
plied to each slide, sealed under a coverslip with rub-
ber cement, then denatured at 72°C for 10 min, and
hybridized.

The process of FISH was carried out according to
the manufacturer’s recommendation (Vysis). Briefly,
slides were denatured at 75°C for 5 min. Slides were
air-dried, and warmed to 45-50°C before the dena-
tured probe mixture was applied. The area with the
probe mixture was covered with a coverslip, sealed
with rubber cement, and the slides were placed in a
humidified box in a 37°Cincubator. Posthybridization
washes were carried out after overnight hybridiza-
tion incubation. Slides were first immersed in three
changes of 50% formamide/2x SSC for 10 min each,
and then washed for 5 min in 2x SSC for another
10 min. Slides were finally washed and incubated at
45°C. Finally, the slides were mounted with glycerol:
PBS mixture containing 0.5 pg/mL of 4,6-diamidino-
2-phenylindole (DAPI II; Vysis Inc., Framingham,
MA) as a nuclear counterstain and then sealed with
nail vanish and stored in the dark at —20°C.

Fluorescence Microscopy. FISH signals were
analysed with an epifluorescence microscope
(Olympus, BX50, Japan) equipped with an appropri-
ate triple bandpass filter set for SpectrumOrange™,
SpectrumGreen™, SpectrumAqua™, and DAPI 11
(Vysis). A spectrum nucleus was scored only if it was
intact and not overlapped. An X or Y chromosome
in a sperm nucleus was recognized by an orange or a
green fluorescent spot, respectively. Chromosome 18
was recognized by the presence of an aqua fluorescent
spot in the sperm nucleus. At least 2000 spermatozoa
were evaluated in each sample from healthy fertile
men and all epididymal sperms retrieved, left from
ICSI and cryopreservation, were evaluated.

Scoring Criteria. Sperm nuclei scoring was done
according to the criteria described previously (17).
Nuclei were scored only if they were not overdecon-
densed, did not overlap, and were intact with clearly
defined borders. Normal haploid sperm nuclei carried
one signal for a sex chromosome and one signal for
an autosome. Sperm nuclei were scored as disomic
for sex chromosomes when an extra X or Y signal
and a single aqua fluorescent spot were clearly visi-
ble within the nucleus and the distance between the
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two fluorescent signals was equal to or greater than
the diameter of one fluorescent domain. Two spots
separated by less than the diameter of one domain
were scored as a single signal (18). The absence of
signal for a single chromosome was scored as nulli-
somy for that chromosome. Sperm nuclei were consid-
ered diploid when an extra X or Y chromosome signal
and two chromosome 18 signals were present. Diploid
cells with a clearly defined round shape and without a
tail were considered spermatogenetic or other cells
and were not scored. Scoring was done blindly on
coded samples whose origins were unknown to the
individuals involved in the scoring.

Statistical Analysis. Descriptive statistics have
been performed for each variable, quantitative results
were presented by using mean and standard devia-
tions, qualitative results were summarized by using
distribution of frequencies.

Before comparing the two groups, each variable
was tested in order to check the normality distri-
bution using Kolmogorov-Smirnov test, the compar-
isons of means was performed using a two-sample un-
paired ¢-test or Mann—Whitney test. Proportions for
the two groups were compared using a x2 test and
a Fisher’s exact test, where applicable. All statistical
analysis were performed using the SPSS for Windows,
version 10.05 (SPSS Inc., Chicago, IL). A value of
p < 0.05 was considered to be statistically significant.

RESULTS

A total of 23,267 epididymal spermatozoa from the
24 obstructive azoospermic patients and 48,000 ejacu-
lated spermatozoa from the 24 healthy fertile controls
were analyzed by three-color FISH with DNA probes
for chromosomes X, Y, and 18. A mean of 969 sperma-
tozoa (range, 100-3057 spermatozoa) and 2000 sper-
matozoa were analyzed per sample in study group
and control group, respectively. Hybridization was
efficient, with an overall frequency of hybridization
of 99.51% (range, 98.77-100%) and 99.68% (range,
99.25-99.85%) in study group and control group, re-
spectively. No difference in hybridization efficiency
between the patients and controls was observed. The
details of the frequencies of X- and Y-bearing sperm,
sex disomy, disomy 18, and diploidy of epididymal
spermatozoa from the obstructive azoospermic men
are shown in Table I. No nullisomic spermatozoa were
found in both groups.

The results of FISH analysis of epididymal sperma-
tozoa from the obstructive azoospermic patients com-
pared with the results obtained from healthy fertile
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controls are shown in Table II. Statistically signifi-
cant differences were observed in the frequencies of
haploidy X, haploidy Y, sex aneuploidy, disomy 18,
and diploidy between the study group and the control
group (p < 0.005).

The patients were divided into two groups accord-
ing to the causes of obstructive azoospermia: the pa-
tients with history of vasectomy and failed vasec-
tomy (n = 12) and the remaining patients with other
causes of obstruction (n = 12). A total of 23,267 sper-
matozoa were scored: 13,524 in the vasectomized
men and 9743 in the remaining obstructive azoosper-
mic patients. There were no significant difference in
sex disomy rate (1.37% vs. 1.54%), disomy 18 rate
(0.10% vs.0.13%), diploidy rate (0.16% vs.0.21% ) be-
tween vasectomized men and the remaining obstruc-
tive azoospermic patients, respectively. Moreover, the
total aneuploidy rate did not correlate to the duration
of vasectomy (r = 0.048, p = 0.89).

Comparison of the ICSI Outcome

An approach toward assessing the relationship be-
tween total sperm aneuploidy rate and ICSI outcome
was to compare those cases exhibiting low and high
total sperm aneuploidy rate. For this purpose, the me-
dian of the total sperm aneuploidy rate was calcu-
lated, which was equal to 1.5%. The ICSI outcomes
of the cases who had total sperm aneuploidy rate
less than 1.5% (Group I) were compared with those
whose total sperm aneuploidy rate was more than
1.5% (Group II) (Table III).

A total of 24 obstructive azoospermic patients un-
derwent 30 consecutive ICSI cycles. The mean female
age and male age were not significantly different be-
tween both groups. There was no statistically sig-
nificant difference in mean numbers of MII oocytes
between the two groups. The ICSI outcome, included
fertilization rate, cleavage rate, implantation rate,
pregnancy rate, and delivery rate were also similar
for both groups.

DISCUSSION

Aneuploidy is one of the most serious and com-
mon chromosomal abnormalities affecting human
embryos and offspring. For the general population,
numerical chromosomal abnormalities are mostly
of maternal origin, usually resulting from nondis-
junction, which is strongly related to maternal age.
However, it can also be transmitted via sperm (19).
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Table 1. Frequencies (as Percentages) of Numerical Chromosomal Abnormalities in
Obstructive Azoospermic Patiens

Obstructive Sex chromosome Total sex . s
azoospermic aneuploidy Disomy Diploidy
patients XX (%) XY(%) YY (%) rate (%) 18 (%)  rate (%)
P1 2.01 2.69 1.01 571 0.34 1.01
P2 0.69 1.55 0.52 2.76 0.17 0.35
P3 0.75 1.05 0.30 2.09 0.15 0.45
P4 2.02 4.04 1.01 7.07 0.00 1.01
P5 0.71 1.00 0.30 2.01 0.12 0.12
P6 0.13 0.53 0.16 0.82 0.10 0.03
P7 0.11 1.01 0.11 1.24 0.23 0.34
P8 0.34 0.79 0.00 1.13 0.00 0.00
P9 0.13 0.60 0.13 0.87 0.07 0.20
P10 0.25 0.75 0.33 1.34 0.08 0.17
P11 0.31 0.82 0.20 1.33 0.10 0.20
P12 0.37 1.10 0.27 1.74 0.00 0.00
P13 0.17 0.75 0.08 1.01 0.17 0.08
P14 0.16 0.80 0.16 1.12 0.00 0.48
P15 0.30 1.29 0.10 1.69 0.30 0.10
P16 0.28 0.66 0.47 1.41 0.19 0.09
P17 0.11 0.56 0.22 0.90 0.00 0.00
P18 0.20 0.61 0.10 0.91 0.00 0.10
P19 0.31 0.81 0.20 1.32 0.00 0.20
P20 0.31 1.07 0.31 1.68 0.15 0.61
P21 0.78 1.72 0.16 2.66 0.00 0.00
P22 0.45 0.90 0.11 1.46 0.23 0.34
P23 0.23 0.45 0.11 0.79 0.23 0.00
P24 0.76 1.51 0.50 2.77 0.25 1.01

Recently, the incidence of chromosomal abnormali-
ties from paternal origin in children born after ICSI
has been a matter of concern (3-5).

FISH with the use of DNA probes for specific
chromosomes has become an increasingly popular
approach for estimating aneuploidy frequencies in
spermatozoa because it provides a rapid and re-
liable result. Using multicolor FISH techniques, a
higher frequency of chromosomal aneuploidies in
spermatozoa of infertile men compared to normal
fertile donors has been reported (6-9,20). In this
study, we used three-color FISH with centromeric
DNA probes for chromosomes X, Y, and 18. DNA
probes for chromosome 18 was used as an inter-
nal autosomal control. It allowed the differentia-

Table II. Results of Fluorescence In Situ Hybridization Analysis
in 24 Obstructive Azoospermic Patients Compared With Healthy
Fertile Controls

No. (%) in No. (%) in

Findings control group study group p value
Haploid X 23975(49.95) 11,314 (48.63)  <0.001
Haploid Y 23,763 (49.51) 11,311 (48.61)  <0.005
Sex aneuploidy 69 (0.14) 335 (1.44) <0.001
Disomy 18 8(0.02) 26 (0.11) <0.001
Diploidy 11 (0.02) 42 (0.18) <0.001
Total 48,000 23,267

tion between disomic and diploid spermatozoa and
also between failure of hybridization and nullisomic
spermatozoa.

In this study, we analyzed the rates of aneuploidy
for chromosomes 18, X, and Y in 24 obstructive
azoospermic men and in 24 fertile donors using triple-
color FISH techniques. The overall hybridization effi-
ciency was about 99.6% that was similar to the previ-
ous study (99.8%) (21). The hybridization efficiency
were high in both patients and controls (99.51% vs.
99.68%, respectively), which were not statistically
different.

The reported frequencies of chromosomal abnor-
malities of ejaculated spermatozoa from healthy fer-
tile men range from 0.05 to 0.45% for disomy 18
(7,9,20-22), 0.23-0.78 % for overall sex chromosome
aneuploidy (7,9,10,20,21,23), 0-0.17 % for XX disomy,
0-0.62% for YY disomy, and 0-0.3% for XY disomy
(20,22,23); the diploidy rates range from 0 to 0.25%
(7,9,10,20-22). The frequencies of sex chromosome
aneuploidy (0.14%), disomy 18 (0.02%), and diploidy
(0.02%) observed in our control group were lower
than the previous studies (7,9,10,20-22) because the
healthy fertile men were recruited as controls and
all of them had normal semen analyses according to
WHO criteria. The variability of these frequencies
may be from the various geographical areas, criteria
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Table III. Characteristics of the Patients and the ICSI Outcomes

Total sperm aneuploidy rate
GroupI(<15%) GroupII (>1.5%)

Characteristics of the patients

No. of couples 12 12
Group I 6 6
Group 11 6 6
No. of cycles 18 12
Age (years)
Male 421481 44.4+9.7 NS
Female 31.8+3.1 323+26 NS
Outcome of PESA and ICSI
Total no. of retrieved oocytes 223 143
Total no. of MII oocytes 162 112
Mean no. of MII oocytes 89+5.1 9.5+5.7 NS
Overall fertilization rate 127/162 (78.4%) 83/112 (74.1%)
Fertilization rate 76.1+15.9 75.5+17.1 NS
Cleavage rate 95.2+9.0 96.2 £6.0 NS
No. of transfers 27 13
No. of embryos transferred 82 37
No. of positive hCG 10 9
Implantation rate 10/162 (6.2%) 9/112 (8.0%) NS
No. of biochemical pregnancies 1 0
No. of anembryonic pregnancy 1 0
No. of ectopic pregnancies 3 0

No. of deliveries
Singleton
Twins

5/12 (41.7%)
5

4/11 (364%) NS
2

0 2

Note. Implantation rate = number of implanted embryos per number of embryos re-
placed in the uterine cavity; PR per transfer = number of pregnancy per number of

embryo transfers.

for fertile men selection, the different FISH protocols:
decondensation procedures, types of probes, and the
different scoring criteria.

The reported frequencies of chromosomal abnor-
malities of epididymal spermatozoa from obstructive
azoospermic men range from 2.89 to 4.36% for over-
all sex chromosome aneuploidy, 0.54 % for disomy 18,
and 0.44% for diploidy (10,11). However, very small
numbers of obstructive azoospermic men were re-
cruited and very small numbers of epididymal sper-
matozoa per case were analyzed in these studies. The
frequencies of sex chromosome aneuploidy (1.44%),
disomy 18 (0.11%), and diploidy (0.18%) observed in
our study group were lower than the previous studies
(10,11). The difference in the frequencies of aneu-
ploidies may be due to the limited numbers of sper-
matozoa analyzed in the previous studies, the differ-
ent etiologies of obstructive azoospermic men, or the
differences in FISH methodology. The proportions
of aneuploidy involving the sex chromosomes in our
study were significantly higher than the rate for chro-
mosome 18, which was similar to the previous studies
(9,10). These results support the possibility of a pa-
ternal origin of sex chromosome abnormalities in the
karyotype of ICSI offspring.
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We also compared the aneuploidy rates of the sex
chromosomes and chromosome 18 between the
patients and controls. A higher frequency of the
chromosome aneuploidy rate of the epididymal sper-
matozoa from obstructive azoospermic patients was
observed as compared to the ejaculated sperm from
normal fertile controls (p < 0.001) (Table II). The
aneuploidy and diploidy rate of epididymal sperma-
tozoa in obstructive azoospermic men in our study are
about 10 times higher than ejaculated spermatozoa in
normal fertile men.

The frequencies of chromosomal abnormalities of
epididymal spermatozoa in our study were signifi-
cantly increased in the obstructive azoospermia men,
which is similar to the previous studies (10,24). In
previous study, epididymal spermatozoa from ob-
structive azoospermic men had sex chromosome
aneuploidy, total aneuploidy, and diploidy rates sig-
nificantly higher than ejaculated spermatozoa from
normozoospermic controls (2.89% vs. 0.81%, 4.84%
vs. 1.47%, and 0.44% vs. 0.13%, respectively). Sex
chromosome aneuploidy rate was 2.89%. However,
only six obstructive azoospermic men were studied
and five of six men were CABVD (10). In other
study, epididymal spermatozoa from 10 obstructive
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azoospermic men were reported to have total aneu-
ploidy rate significantly higher than ejaculated sper-
matozoa from normozoospermic controls (8.2% vs.
1.6%) (11). In recent study, epididymal spermato-
zoa from eight obstructive azoospermic men were re-
ported to have total aneuploidy rate similar to ejac-
ulated spermatozoa from normozoospermic controls
(1.8% vs. 1.5%). All of the patients were CABVD.
However, very small numbers of epididymal sperma-
tozoa were analyzed in this study (25).

The differences in chromosomal abnormalities be-
tween ejaculated sperm and epididymal spermatozoa
in obstructive azoospermic men may be explained by
the sequestration of the abnormal epididymal sper-
matozoa during maturation and passage of sperm in
the epididymis (11) and abnormal spermatogenesis
from high back pressure in the seminiferous tubules
in the obstructive azoospermic men.

The patients were divided into two groups accord-
ing to their causes of obstructive azoospermia, 12
were obstructive azoospermic men from vasectomy
with failed vasectomy reversal and 12 were obstruc-
tive azoospermic men from other causes. There were
no significant differences in sex chromosome aneu-
ploidy, disomy 18, and diploidy rates between these
two groups. Surprisingly, the frequencies of chromo-
somal abnormalities of epididymal spermatozoa were
also significantly increased in obstructive azoosper-
mic men, even in the previous fertile men after
vasectomy and failed vasectomy reversal. Although
vasectomized men were previously fertile men, the
rate of total sex chromosome aneuploidy, disomy 18,
and diploidy were significantly higher than fertile
healthy controls. However, relationship between the
duration of vasectomy and the frequency of chromo-
some abnormalities cannot be demonstrated. Overall
findings suggest the need for future research to study
whether long duration of vasectomy may increase the
frequency of sperm aneuploidies.

Since aneuploidy might have a negative impact
on oocyte fertilization and/or on embryonic develop-
ment, the rate of epididymal sperm aneuploidy in ob-
structive azoospermic patient undergoing ICSI and its
impact on ICSI results were evaluated by comparing
the ICSI outcome between the obstructive azoosper-
mic patients who had the total aneuploidy rate higher
and lower than the median value. There were no
statistically significant differences of ICSI outcomes
between both groups.

In agreement with the previous study about the re-
lation of incidence of ejaculated sperm aneuploidy
and assisted reproductive outcome (26), the increased

frequency of chromosomal abnormalities of epididy-
mal spermatozoa did not have a direct effect on the
ICSI outcome, including fertilization rate, pregnancy
rate, and pregnancy outcome. However, some previ-
ous studies found the association between the adverse
ICSI outcomes and an increased aneuploidy rate of
ejaculated spermatozoa (8,9). This is probably due to
the small sample size and the frequencies of epididy-
mal spermatozoa aneuploidy are not high enough to
affect the overall ICSI outcomes. In conclusion, the
increased frequency of chromosomal abnormalities
did not have a direct effect on the fertilization rate,
pregnancy characteristics, or outcomes in our study.
Although the clinical outcomes of ICSI using epididy-
mal spermatozoa from the groups that had different
sperm aneuploidy rates were similar, the long-term
follow-up of the ICSI outcome using epididymal sper-
matozoa in larger population is needed.

In summary, our results show increased rates of
diploidy and disomy in epididymal spermatozoa from
obstructive azoospermic men compared with ejac-
ulated spermatozoa from healthy fertile controls.
Moreover, there were no differences in the incidence
of epididymal spermatozoa chromosomal aneuploidy
between the vasectomized men and men with other
causes of obstructive azoospermia. Where epididy-
mal spermatozoa were used for ICSI in obstructive
azoospermia, the differences of percentage of chro-
mosome abnormalities did not influence ICSI out-
come. Pregnancy occurred even in the presence of an
elevated sperm aneuploidy rate, thus increasing the
risk of generating offspring with chromosomal abnor-
malities in this group. This study can provide the data
for counseling the patients about the potential pa-
ternal contribution to the risk of fetal chromosomal
anomalies after ICSI in obstructive azoospermic men.
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